Abstract
those used in supporting shrink wrapped food items. The material was required to have 25 properties that matched existing alternatives, such as expanded polystyrene, in terms of 26 physical and mechanical characteristics but with an enhanced level of biodegradability.
27
The data showed that the pulp moulded material containing up to 80% straw performed 28 significantly better compared to expanded polystyrene in tensile properties (modulus of 
128
Kraft paper pulp fibre was obtained from commercial dried sheets which were pulped in 129 water before adding to the straw fibre pulp at three differing ratios -a base 100% straw mix, 
Characterisation of pulp

142
The pH, drainage and particle size distribution of the pulp were measured prior to moulding.
143
The drainage of the pulp was assessed using Canadian Standard Freeness of the pulp following 
Characterisation of moulded material
149
In the investigation detailed in this paper the 100% straw mix did not produce a moulded 
Physical characterisation
159
The thickness of the product material was determined using digital callipers and reported as a 
Mechanical testing 164
The tensile properties of the product materials (conditioned at 20°C and 65% relative humidity 165 (RH)) were determined using an Instron testing machine (Instron, High Wycombe, UK) using 166 a 5kN load cell, in a controlled environment (20°C and 65% RH). Samples of size 80mm by 167 25mm by thickness (See Table 2 for thickness) with a gauge length of 50mm were subjected 
Instron testing machine (Instron) using a 5kN load cell, in a controlled environment (20°C and 176 65% RH). Specimen size was 80mm by 25mm by thickness and the test span length of 50mm.
177
Bending was performed to a set deflection rather than rupture as it was observed that the straw were also tested in the same way to allow comparative analysis. (100cm 2 ) and uptake of water was determined gravimetrically after a period of 120 seconds.
192
The water absorbance of samples not treated with the water repellent was also measured to 
Biodegradability
The biodegradability of the samples was determined using a soil box method utilising unsterile Where appropriate simple statistical analysis of the data was performed using t-tests assuming 
Pulp Characterisation
The pulp of the 80/20 and 60/40 mixes were analysed on the basis of pH and Canadian standard 221 freeness and compared to the base refined straw ( indicates the ease at which the moulded product is dewatered -with faster dewatering leading 225 to better integrity and improved drying. Improved drying may be an important factor when 226 considering economic costs of drying the product material. 
Characterisation of moulded material
239
As stated moulded products produced using 100% straw in this investigation did not produce 240 material suitable for testing or use. It was found during moulding that the product had no wet 241 strength and could not be removed from the mould without breaking. It was assumed that this 242 was due to the lack of the longer Kraft pulp fibres binding the material together. Therefore, the In terms of the performance of the products the maximum loads in both the tensile and flexural 284 directions were compared, ( Table 4 ). The data shows that the mean maximum load achieved as produced can match the tensile performance of the EPS, with an adjustment in thickness.
289
The maximum flexural load required to reach 5mm deflection for the 60/40 mix product was 290 statistically significantly (at p=0.05) lower than both the 80/20 mix product and the EPS 291 product. However, the 80/20 mix product with its increased thickness sustained a maximum 292 flexural load that was not significantly different to that of the EPS product.
293
The combined data from the tensile and flexural tests indicates that products moulded from the 295 straw/paper material in the correct composition can match the performance of the EPS 296 products, although changes in thickness may be required.
298
Water absorbance
299
Water absorbancy can be a key atribute in packaging as strength and cohesion of materials can 300 be impaired by too much water. Also, if the material were to be used in food packaging water 301 sorption from the food product would need to be limited. Therefore, the wwater absorbance of Mass loss of the samples during the four week exposure was determined and the data ( Table   326 5) shows a significant (at p=0.05) difference between the straw based material and the EPS.
327
The data shows that over 20% of the 80% straw based material was degraded after only four 328 weeks soil exposure, implying that the straw based material would be readily compostable.
329
The EPS samples exhibited a slight average weight gain which is attributed to unobserved 330 adhering soil. The study demonstrated the successful production of material suitable for thin flat pulp 335 moulded materials containing up to 80% straw. Chemical additives were shown to be effective 336 when added at the "wet end" of the moulding process, for example to provide the required 337 water resistance. In terms of intrinsic material properties the moulded material had a tensile 338 modulus higher than the EPS but a lower modulus in bending. In assessing the performance 339 of the products the noted deficiencies in bending strength could be alleviated by using thicker 340 materials. In terms of physical characteristics, the pulp moulded material was heavier than 341 EPS, which may have economic implications. Importantly, it was also shown that the straw 342 based material was biodegradable at ambient temperature in soil, which is a great contrast to 343 the non biodegradability of EPS.
In summary the data presented shows for the first time that it is feasible to produce a flat, thin 345 pulp moulded product derived predominately from cereal straw that possessed the required 346 physical and mechanical performance but that was also biodegradable. 
